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SUMMARY

Eight wings and three $ails, covering & wide range of
aerodynamic characteristics, were indenendently ballasted
g0 as to be interchangeadble with no change in magg digtri-
bution. For each of the 24 resulting wing-tail comblna-
tions, observations were made of the steady spln ior four
control settings and of recoveriss for five control manip-
ulations, the reosulte being presented in the form of charts
comparing the spin characteristics. The tests are part of
a general investigation that is being made in the H.A.C.A.
free~spinning tunnel +to determine  the seffects of systematic
changes in wing and $tail arrangement upon the steady-spin-
ning and the recovery characteristics of a convenitlonal
low—wing monoplane for various loading condiltions.

The present loading was derived from the baslic load-
ing condltion (representative of an average of values for
21 American airplanes for which the momentsg of inertia
were avalladle) by moving weight from the center of grave—
ity toward the wing tips so that the digtribution of mass
along the wings was increased,

For the taill with deepened fuselagse, ralsed stadilizer,
and full-length rudder, recovery was satisfactory and the
results were similar o those reported for the bagic-loading
condition. For the t2il with deepened fuselage, raiged sta-
bilizer, and short rudder, an adverse effect resulted as
compared with the bagic—-loading results for the wings with
Army tips and ¥.A.C.A, 23012 or HN.A.C.A, 6718 gection and
for the wing with flaps. For the more nearly conventional
tail, an adverse effect resulted for the wing with Army
tips and W.A,C.A. 23012 section, both with and withoud
flaps. TFor the wing with ¥.A.C.A. 0009 section and for the
Army standard wing, this loading appeared to have & some-—
what favorable effect.
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INTPRODUCTION

The H.A,C.A. hag undertaken a systematlic investiga-
tion in the free-spinning wind tunnel to determine, by
major independent variations, which of the dimemnsional and
the mass characterigtics of an airplene most greatly af-
fect the spin (reference 1).

The results of tests ofeight wings and three tails
for a basic loading condition, reprecsentative of an aver-
ago of values for 21 American airplanes for which the mo-
moents of inertia wore available, have boen roported in
roference 1, In reference 2 wore preséntcd the results
for the loading obitained by moving weight from the wing
tips toward the center of gravity, the model thereby hav-
ing its mass digtributed chiefly along the fuselage. The
pregent paper contalns the results of a similar series of-
tests for a loading obtained by movirg weilght from the
center. of gravity toward the wing tips, the model thereby
having its masgs digtributed chiefly along the wing.

The major wilng variables include tin shape, airfoll
section, plan form, and flops. The Army standard tapered
. wing, also included in the test program, comblnes changes
in plan form and thicknesg. The throe tall arrangements
Fange from & combination wutilizing full-length ruddor and
raiged stabilizer on a deoep fuselage, designed to bo ex-
tremely efficient in providing yawing monent for recovery,
to & morc nearly conventional type with the rudder com-
Plotely above a shallow fuselage and badly shiolded by the
horizontal surfaces. The present results arc compared
wlth the results obtained for the basic leading condlition,

APPARATUS AWD METHODS

A general description of model construction and test=
ing technigue in -the N.A.C.A, free-~spinning tunnel is
glven in referemce 3. ' ' C

The models are consgtructed of balsa, reinforced with
spruce and bamboo. In order ta reduce the weight, the
fuselage and the wings are hollowed out, the axternal con-
tours being maintained by silk tissue paper on reiaforcing
ribe. The desired loading is attained by sultadble distri-
bution of lead weights.
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Filguresg 1 to 5 show special structural features of
the model used in the present investigation. The wing and
tail units are independently removable and interchangeable
to permit testing any combination. The exchange of units
can be made wilthout any change in masgs distribution. A
clockwork delay-action mechanism is installed to actuate
the controls for recovery, simulating the rapid motlons
that would be imparted by & pilost.

The model was not scaled from any particular airplane
but was designed to be a representative low—wing cabin
monoplane with & cowled radial engine and with landing gear
retracted. Dimengional characterisetics of the model and
of the eight winge and the thres tallg are given on thae
line drawings of figures 1, 2, and 3, The present model.
loading condition was derived from the pvasic condition
(reference 1) by removing weight from the center of grav-
i1ty and installing it in the wing tips. For convenlenco
in making comparisons, the model may be considered a 1/15~
scale model of either a fighter or a four—~place cabin air-
prlane, teasted at an altitude of 6,000 feet. The full-
scalo characteristics for tho prosent loading and for taill
C would be:

Weight (W) - - = - = = —= - =+~ — —~ 4,720 1b.
Hoan chord (¢) = = = = = - ~ = = = 75 in.
Span (b) = = = = = = = = =~ = - ~ 37,5 f%,

Wing area (S) 234 .4 sq. f5.
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Aspect.ratio

Digtance from c.g. %o elevator _
hinge - e - e — e = e A = 16.6 £t.

Distance from c.g. t0o rudder hinge 16.9 £%.

Fin arca = = =" =« = - & ~ &~ - ~ = 6.8 sq. ft.
Rudder area e 6.9 sq. f%.
Stabilizer ares - = - e - - = = 19.8 ®sq. ft.
Blevator area e T T L 12.9 sq. T%.
Control travel — - - —- = - - - - Rudder: =30°

Elevator: 30° up
20° down
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Principal moments of incrtias: , 5
A = mkg? - % = = = = - = - 4,150 slug~ft.” .
B = mky”® -« -~ - «~ - - - ~ 3,970 slug-£t.% )
C = mkg?® - - - - - - - - - 7,540 slug~-f%.2

The nondimensional mass-distribution parameters (de-
scribed in refersence 4) for the present loading condi-
tion are: . : -

v
= i = P
P
2
¥b
—_——— = 61
g(C-A)
C—-3B
2==2 = 1,10
C—-4
2 . w.0s8
ICX .
[ ]
£ = 0.25
o)
Z = ¢
¢

The guantity =x/c is the ratio of the dlstonce of
the ceantor of gravity back of the lcading odge of the
mean chord to the mean chord; and z/c is the ratio of
the distance of the center of groavity below tho thrust
line %o the mean chord. - : . o
Figures 1 and 4 show the model with the basic wlng
(wing 1) and tail C installed., This wing is of N.A.C.A.
23012 goctlon with rectangular plan form and Army tlps.
(The tip contour is derived as degeribed in reference 5.)
In common with the other wings, it has an aroa of 150
square inches, o span of 30 inches, ani no dihedral, twilst,
or sweepbhack. X

The soven remaining wings (figs. 2 and 5) have varied
dimensional characteristices ag follows: )
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Wing 2: N.LA.C.A, 23012 gzection, rectangular with
Arny tinps, 20 mercent spliit flaps de—
flected 60°.

Wing 3: NW.A.C.A, 23012 sectlon, rectangular with
rectangular tips.

Wing 4: N.A,.C.A. 23012 section, resctangular with

.
faired tips.

Wing 6¢ NW.A.C.A. 0009 sgmsection, rectangular with
Army tips.

=
[
=}
i3}
(o2}

N.A.C.A, 6718 gection, rectangular with
Army tips.

Wing 7: H.A.C.A, 23012 ssction, 5:2 ftaper wlth
Arny tips.

Wing 8: ¥W.A.C.A. 23018-09 section, Arny standard
plan forn (square center section, 2:1
taper in both plar forn and thickness,
and Army tins).

Eack wing was mounted on $he model at an angle of in-
cldence equal to 1ts angle of zero 1ift, The stabilizer
of the nodel was at zero incidence for each tail. Therc
was ro fin offset.

The three talls designated A, B, and ¢ are shown In
figures 3 and 5, Tail C, representing o conventionel
shallow fuselage with ruddor completely above the tail
cone, hoas the followling dimensional characteristics:

Vertical tail area: 6 percent wing arca (3 porcont
rudder and 3 percent% fin).

Fugelage side area, back of leading edge of stabilizer:
2 percent wing area.

Vortical tail length (from quarter—~chard point to rud-
der hingo axisg): 45 percent wing span.

Horiiontal taril area:. 14 percent wing area (5.5 per-
cent elevator and 8. 5 percent
stabilizer),

Horlzontal tail length (from quarter~chord peint to
elevator hinge axis): 44 percent wing span,
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Tail B wag derived from ta2il € by increasing the fuse-
lage depth, raising the stabilizer and the elevators, and
installing approximately the original fin and rudder atop
the despened fuselage. For tail B, the vertical areas aret

Vertical taill area: 6 percent wilng area.
Fugelage gide areat 5.5 percent wing area.

Tail & was similar to taill B oxcept for full-length
rudder construction and slightly increased elevator cut-
out. TFor tail A, the vertical areag are:

Vortical tail arca: 8 percent wing area (5 perceont
“rudder. and 3 percent fin).

Fuaolage gldes area: 2,4 percent wing area.
TESTS AND RESULTS

For each wing and t2il combination, spin tests were
made for four control sotitinzg:

(2) Rudder 30° with tho spin and elevatore neu*ral.
(p) Rudder 30° with the spin and elevators 20° down.
(e) Rudder 30° with the spin and elevators 30° up.
(d) Rudder neutral and elevators neukral,

Recovery from (a) and (b) was attempted by reversal
of the rudder, from (c) by complete reversal of both con—
trols and also by neutralizing both controels, and fronm (e
by moving both controls to full against the spin. AllL
tests wore for right spins. ot "

The angle of atbtack «, angle of sideslip B (posi-
tive invwerd in a2 right spin), turans for recovory, shin
coefficiont OQb/2V, and rate of dasceat—7V, are plotted
in 12 charts (figs. 6 to 17), grouped so as to permit
ready comparison of the effects of tip shape, section, -
plan form, flapg, and the &rmy standard wing.

The data on these charts are belicved to ropreosent
the true modol valuos within tho following limits (see
refercnce 3):
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A T -

B =~ = = = = = e - = - - - +£31-1/2°
Turns for recovery - - - - - - - - - *1/4 turn
Qb/2V - - = - - - - - -.f - - - - - = +3 percent
V = = = = = e 0 e e e e = m = = - *2 percent

For certain spins in which it is 4ifficult to control the
spin in the tunnel, owing to high air speesd or wandering
motion, the foregoing limits may te exceeded,

As noted in references 3 and 4, there may in some in-
stances be variations between model spin-test resulits and
corresponding full-gscale spln-test results of a given air-
rlane, probably because of the differerce of the Reynolds
Number between the tests.

DISCUSSION

Tests with tail A (figs. 6 to 9).- In figure 6, regults
are shown for different wings with teil A for rudder 30°
with the spin and elevators neutral. It may be seen that
the rectangular wings with rectangumlar or faired tips (wings
3 and 4) gave the steepest spins (o = 45° compared with 62
for the flattest) and ths mosst rapid recoveries (1—1/2 turns);
whercas, the wing with 5:2 taper (wing 7) and the wing with
flaps deflected (wing 2) gave the slowest recoveries (about
four turmns).

With elevators 20° down (fig. 7) the spins were, in
general, a few degroves steecper—-and recoverles were slightly
more rapid than with elevators neutral. Blevators up (fig.
8) tended Ffurther to steepen the spins. The wings with
N.A.C.A. 0009 and 6718 sections, however, spun slightly
flatter with elevators up than with elevators full down;
and the rectangular wings with rectangular or fairsd tips
would spln with elevators up, whereas they would not spin

.with elevators down. In all cases, recoverles were rapid

(less tnan two turns) by complete reversal of both controls.
Fhen the controls were moved only to neutral, the recover-
ies were generally slower. Pne recorded turns for recovery
for wings 1 and 7 wvaried from three to infinity for differ-—~
ent runs. With controls neutral (fig. 2), spins could be

)
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obtained for the rectangular wirgs with Army tips of >
N.A.C.A. 23012 section, with and wilthout flaps, and of

N.i.C.A. 6718 section, and also for the wing of 5:2 taper .
(wings 1, 2, 8, and 7, respectively). A

For al the control settings, the rectangular wings
withh rectangular or falred tips gave the stsepest spins
and the guickest recoveries. There was & small effect of —
section, the wing of W.A.C.A. 0009 section giving more
outward sldeslip and faster recovery than wings of the
other twov sections. The wing of NJ A.C.A. 6718 seciilon
gave the leasgt outward sidesiip. Recovery for the wing
with flaps and for the wing of 5:2 taper was slower than B
for the other wings. The Army staaxdard wing gave steeper o
spins and faster rocoveries than the basic wing (wing 1).

For tail A, the results for this loading as cowpared
with those for the-tasic lomrding (reference 1) showed only
smell differences. TFor all control settings, there was a
tendency for the rectansular wing of N.4A.C.4A. 0009 section
with Army tips (wing 5} ard the standard Army wing of-
W.A.C.A., 23018-09 section (wing 8) to give steeper spins
and for the rectangular wing of ¥.A,C. A 23012 sectlon
with 20 percont full-span split flqps doflected 60° (wing
2}, the rectangular wing of N.A.C.,A, 8718 section with
Army tips {wing 6), and the 5:i2 taper wing of ¥W.A.C.A.
23012 section witlh Army +tips {(wing 7) to give flatter
spins than were obtained for the baslc-loading condition.

o T

Tests with tail B {(fizs, 30 to. 313}.~ PTigure 10, waich
gives resulis for varinug wings with- -tail B for rudéer . L
with the spin and elevators neutral, shows steeper spilns
for all wings as compared with tail A4, Pbut recoveries for
wings 1, 2, 6, and 7 were unsatisfactory with tail B.
This result shows the importance of uiashlelded rudder area
in effeceting satisfactory recovery charactsrlstics. As
with tafl A, the rectargular wings with rectangular or
faired tips gave the steopest spins. Wing 1 showed a wide L
variation 1n the turans for recovery.

With elevators 20° down (fig. 1I),  tacre was little
difference in tho steady spin as comparecd with elcvators
necutral but recovery was, 1in general, slightly more rapld;
wing 6 showed a wide range in recovery turns. With ela- »
vators up (fig. 12), the spln was steepened and recover-
ies by vonplete revergal of toth controls were.gatisfac-
tory for all wings. When Toth controls were merely neuw- n
tralized, wing 6 ag_in ggg;_ijﬁi_a_laxge varlation in
turns reguired.
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With both controls mneutrai (fig. 13}, spins could be
obtained only for wings 1, 2, 6, and 7. Moving the con-
trols against the gpir gave slow recoveriecs. It is inter-
esting to note that the steady spins with tail B for con-
trols neutral were very similar to the corresponding spins
with tail A but that recoverles with tail B were definite-
ly slower.

For all control settings, the roectangular wing with
rectangular or faired tips gave the steepest spins and it
is believed that recoverics with it would have been most
rapid; the rectangular wing of ¥.,A.C.A. 0009 section and
Army tips showed steeper spins, faster recoveries, and
more outward sldeslip as compared with the rectangular
wings of N.A.C.A, 23012 agand N,A.C.A, 6718 sections with
Army tips. The wing of N.A,.C.A. 23012 section gave the
flattest spins but the wing of N.A.C.A. 6718 section gave
the least outward sideslip and the slowest recovery.
Flaps retarded recovery. The 5:2 taper wing gave steeper
spins than the basic wing and the standard Army wing gave
steeper spins and nmore rapid recovery then the 5:2 taper
wing,

For taill B, wings 1, 2, anéd 6 sghowed flatter spins
and slower recoveries with this loading than with the bas-
ic loading. Wings 5 and 8 gave steeper spins for the
present loading and the effect on wings 3 and 4 could not
be determined.

Tegts with tail 0 (figs, 14 to 17).- With tail C, as
with tail B, the effects of differences in wing charac-
teristics were more marked than with tail A. Figure 14
shows that, for rudder with the spin and elevators neutral,
the rectangular wings with rectanguiar or faired tips
s8t1ll gave the steepest spins, the greatest ouiward side-’
slip, and the most rapild recovery. The winzg of N.A.C.A.
0009 section and the Army winz gave slower recovery and
the other wings gave no recovery.

With elevators down (fig. 15), the resulis were simi-
lar to those for elevators neutral. The wings that had
given recovery by rudder reversal for elevators neutral

now indicated more rapid recovery for slevators down. ¥ith

elevators up (fig._16 » spins were somewhat steeper than
for elevators neutral and recovery by complete reversal of
both controls was satisfactory except for the rectangular
wing of N.A.C.A. 23012 section with Army tips, which gavse
a recovery in 3—1/4 turns without flaps ard gave no recov-

il
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ery with flaps. With boti controls neuvtral (fig. 17), re-
sults were very osimilar %o those obtained for rudder witg
the spin and Blesvators dowii.

For all coatrol seittings, the rectangular wirg with

sctangular or faired tips gave steeper spins. aud more
rapid recovery than the other wings. The wing of H.A.C.A.
0009 section gave stecper spins, more outward stdeslip,
and better recovery than the two comparable wings of which
the ¥.A.0.4. 23012 gave the flattest spln and the FIA.C.A.
6718 gave the least outward sideslip. The 5:2 taper wing
save results gemerally simllar to those for the basic
wing. The wing-with flaps gave no rocovery by any control
manipulation nsed. Thie Aruy wing gave stoeper spins than
the basic wing #nd gave recoveries for all control munipu-
lation, whercas the basic wing gave recovery only for com—
plete reversal of boeth controls. .. i ) - ; -

With the present loading, the busic wirg, the wing
with flaps, and the wing of ¥N.A.C.A. 6718 soction turded
to zive slower recoverles as comparsd with the basic load-
ing; the Army wing and the wing of W.A.C.A. 0099 sectilon
tended to glve faster recoveries. " The otlher winge showed
little effeaect. ’ T ’ i

CONCLUSIONS

By analyeseis of the data presented, tiuie gemeral ef-
fectsof wing or tail arrangement amzd of control position
and the aprarent relationghips between spin characteris-
tics may be determined for the loading conditilon of mass
digtributed along the wings.

Effects of wings:

le Tip share.- Rertangular and faired tips give the
stecpest spins and the most rapid receveries. The Army
tip gives consigstently flatter sping and slower rédcover-
ies. . °

2. Section.~ The wing of ¥F.4.C. A, 0CO9 scctlon
gives the steepest spins and the most rapid recoverics
and sktows the greateut outward sldeslip. Tre wing of
N.A.C.A., 223012 section gilves the flattest spins and thre
wing of N.A.C.4A, 6718 gection gives the least outward
sideslip. - - Cer T T
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3. TFlaps.— Plaps tend to retard recovery.

4, Plan form.- Ths wing of 5:2 taper zives more

outward sideslip than the basic wing, but there is little
difference in the turns for recovery. ’ .

5. Army standard wing.~ The Army 'standard wing gives
somewhat steeper spinsg, faster recovery, and more outward
sidesllin than the basic wing.

Effects of tall arrangemert:

1. The tail with raised stabillizer and elevators,
increased fuselage depth, and .full-length rudder (tail 4)
gives the most satisfacbtory recoveries. TFor rudder full
with the spin, the tail with raigsed stabllizer and eleva-
tors, increased fusselage depth, and rudder complately above
the fuselage (tail B) gives the stecepest spins.

. 2 The tail with shallow fuselagce and rudder com-
pletely above the tail cone (tail C) gives the slowest re-
coverlss.

Effects of control setting:

1. Recoveries from spins with elevators down are
somewhat more ranid than from spins with elevators neutral,

2 Holdlng the elevators up generally resulis in
the steerest spins from which, by reversal of both controls,
are obtained the most rapid recoveries.

Relatlonships between spin characteristics:

1. Steep spins are usually associated with high rate
of descent, low Qb/2¥, and rapid recovery.

2e In gensral, more rapid recovery is obtaipned from
the spins with the groatest cutward sideslip.

Comparison with results for bvasie loading:

1. The basic wing, the wing with flaps, and the wing
of N.A.C.4. 6718 section show flatter spins and slower re-
coveries with this loading as compared with the basic load-
ing. The wing of N.A.C.A. 0009 section and the Army stand-
ard wing give steeper spins and faster recoveries with the
present loading. The remaining wings show rno consistcnt
effects,
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Z. With this loesding, the spins with the greatest—
outward sideslip gave the fastest recaveriles; whereas,
for the basic loading, there appeared to be no relation-
ship between the sideslip of the stemdy spin and iturns
required for recovery. - o ’ |

Langley Memorial Aeronautical Laboratory,
Hational Advigory Committee for Aeronautics,
Langley Field, Va., August 12, 1938.
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Wing 3- 23012 rectangular with rectangular tips, E agh
Wing 4- 23012 resctangulaer with faired tips. L
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. Wing 5- 0009 rectangular with Army tips (plan same asli.
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- Wing 6- 6718 rectangular with Army tips (plan same as 1)
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Wing 7- 23012 5:2 taper with Army tips.
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filng 8- 23018-09 standard Army wing
- (2:1 taper, square center, Army tips.)

Figure 2.~ Wings used on low-~wing monoplane.
N.A.C.A, wing sections.
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T.L. , thrust line

Tail A Tail B Tail C

. *igure 3.,- Tails used on low-wing monoplane.



(a) Front view.

"1 11) Winge 1 end 2, (2) Winge 3 and 4, (3) Wing 5,
() FL - (4) Wing 6, (5) Wing 7 (6) Wing 8.
. an viaw. (d) Low-wing monovlane winge,
Mgure 4, - Low-wing monoplane modasl.
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' . (v H Tail A, deep fuselage and long rﬁzr.
,....,m 2) Tail B, deep fusslage and short 8T,
" . m“ (3) Tail C, ghatlom fuselage and short rndder,
(a) (1) Bectangular wing with Army tips. (3) Rectadgolar wing with interchangeable rectangnlar and
(3) 5:2 tapered wing with Army tips. faired tips.
(4) 2:1 Arry standard tapersd wing with square ceater,
Pigurs 5.- Interchangeabls wings and tails of low-wing monoplane model,
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* ¢

has rectangular plan form, Army tips, N.A.C.A. 23012 section,

except as noted.) Mass distributed along the wing.
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Figure 17.- The effect of various wings on the spin characteristics.
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